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Introduction
Pervasive computing is the next generation computing environments with information and communication technology everywhere, for everyone, at all times. Pervasive computing is a rapidly developing area of Information and Communications Technology (ICT) [1~3] . The term refers to the increasing integration of ICT into people's life and environments. Among the pervasive computing, the most important technologies are WSNs and RFID [4] . Radio frequency identification (RFID) is a non-contact data storage and access technology which reads or writes information in RFID tags by receiving radio frequency signals through RFID readers [5~7] . Currently, the RFID systems are applied in different areas. It is widely applied to areas such as mobile learning, access control, smart homes, logistics and transportation, military and national defense, electronic payment, library administration, car park management, applications for medical purposes, checked baggage service and more [8, 9] . Currently, most commercial reader has single simple function. The kind of reader is inconvenient to carry out redevelopment to user. In addition, the reader has little communication interface, which greatly limits its application field [10] . In our study, the design of a UHF RFID reader based on MQX operation system is presented. The system design as well as the circuit implementation on MCF52259 microprocessor is discussed in details. The goal of the work is to develop a kind of UHF RFID reader with embedded RTOS and common communication interface such as USB, UART and network port. The designed reader is fully compatible with the ISO 18000-6C EPC Class1 Gen2 protocol. It can not only read and write tag but also carry out other control tasks in many application fields.
Section 2 designs the hardware circuit of UHF RFID reader. In the section, the circuit implementation of the platform is presented. In Section 3, we design and program the code of the reader. The experimental results of the designed RFID reader are presented in Section 4. Finally, Section 5 provides the summary and the conclusions of the work.
Hardware Design and Implementation
The hardware model of designed UHF RFID reader adopts hierarchical structure, which mainly composes of three layers. The bottom layer of the platform is RF module. Control module and embedded MQX real time system are middle layer and upper application layer, respectively. Figure 1 shows the block diagram of the RFID reader. 
Control module
The designed reader adopts MCF52259 as control unit. MCF52259 is a member of a family of highly integrated 32-bit reduced instruction set computing (RISC) microcontrollers based on the V2 ColdFire micro architecture. The device features 64 Kbytes of internal SRAM and 512 Kbytes of flash memory, four 32-bit timers with DMA request capability, a 4-channel DMA controller, two I2C modules, a Fast Ethernet Controller, an external Mini-FlexBus interface, an Enhanced Multiply Accumulate Unit, a Crytographic Acceleration Unit, 3 UARTs and a queued SPI. It has been designed for general-purpose industrial control applications. The on-chip resources of the device facilitate the design of external communication interface and control circuitry. Moreover, the microcontroller supports embedded operation system, so users can easy develop application program base on operation system.
RF module
In our design we use an off-the-shelf RF module, we name the module as VM-5, which is shown in Figure 2 . The RF module offers three control pins (RXD1, TXD1, and RF_EN) and two supply pins (VCC and GND). This module requires a 5V power supply. However, the microprocessor MCF52259 needs supplies with 3.3V. We design a conversion circuit to isolate the two parts of the circuit. The circuit employs optocoupler TLP124 to isolate electrical characteristics but pass TTL level. As shown in figure 2 , the microprocessor transmits and receives RX1, R_EN and TX1 through optocoupler. These signals communicate with RF module VM-5. 
Design of commutation interface 2.3.1 Network port
In order to facilitate data exchange with Internet, we design a network communication interface in the designed RFID reader. The interface circuit between MCU MCF52259 and network port RJ-45 is shown in figure 3 . Center-tap current may be supplied from 3.3V VCCA as shown in the figure. Additional power savings may be realized by supplying the center-tap from a 2.5V current source. A separate ferrite bead (rated at 50mA) should be used to supply center-tap current. The 100ohm transmit load termination resistor typically required is integrated in the LXT971A. Magnetics without a receive pair center-tap do not require a 2kV termination. RJ-45 connections show for standard NIC. TX/RX crossover may be required for repeater and switch applications. 
USB and UART interface
USB and UART are two kinds of common communication port, which facilitate data exchange with other devices. In our design, we develop USB and UART for the reader. As MCF52259 has functional pins related to USB and serial communication, it is easy to expand these interfaces. The interface circuits of USB and UART are shown in figure 4 and figure 5 , respectively. 
Software Design
The design uses Freescale MQX operating system as develop environment. MQX system not only supports multi-tasking scheduling strategy base on different priority which can be deprived of, but also supports time rotation scheduling strategy under same priority. The design of this system uses both of these two scheduling strategies.
MQX is a run-time library of functions that programs use to become real-time multi-tasking applications. The main features are its scalable size, component-oriented architecture and ease of use. MQX supports multi-processor applications and can be used with flexible embedded I/O products for networking, data communications and file management. Freescale MQX Software Solutions offer a straightforward API with a modular architecture, making it simple to fine tune custom applications and scalable to fit most requirements. Freescale MQX and silicon portfolio provides a streamlined and powerful platform by creating a comprehensive source for hardware, software, tools and services needs. It can accelerate our design success with complimentary RTOS, TCP/IP and USB stacks.
According to system functional requirements, the software system is split into key task, display task, network communication task, USB communication task, UART transceiver task and configuration tasks. Figure 6 shows the relationship between these various tasks.
In the designed software system, we assign configuration task as the highest priority, given seventh grade. Key task is assigned as lower priority, given eighth grade. Other tasks are assigned as the lowest priority, given ninth grade. In any case, if configuration task run, all other tasks are to be suspended. Configuration task is a non-cyclic task in all the tasks, which only run once at the beginning of the soft system. Other tasks are all cyclic tasks, which run periodically.
Such important tasks as system initialization and key task are processed in main file. Key task detects button periodically, it will delay a period of time (such as 100ms) for low priority tasks such as sending and receiving tasks to run whether the button is pressed or not. Therefore, neither button is pressed nor configuration task is running, Transceiver task will periodically send commands and receive information from UHF reader. It then sends message queue, dsp_queue (the message queue is non-blocking) to display task.
If the button is pressed, it will send corresponding message queue to display task, which will display operation options. Related to the operation of the reader configuration, the key task will start a non-cyclic task, configuration task, which sends appropriate set command to complete configuration operation and send feedback to display tasks. 
Experimental results
In order to test the designed multifunction UHF RFID reader, we carry out several tests. Tektronix RSA3308B Real-Time spectrum analyzer (DC-8GHz) is employed as main analytical instruments. Front-end carrier transmit power is set to 20dBm. Reader works in hopping frequency mode. Modulation mode is set to DSB-ASK.
Figure 7. Frequency response waveforms of the designed reader
The frequency domain measurement is accomplished with RSA3308B Real-Time spectrum analyzer. The frequency response waveforms at 922 MHz are shown in Figure 7 . As can be seen from the figure, the center frequency is 922 MHz. The experimental results show that the reader has less spurious emission power. Table 1 shows the reading and writing performance of the designed reader. We choose some typical tag sample to test reading and writing distance under different transmitting power. These tag samples to be tested are ALN-9640, LS-DFEWINE, P9525 and LS-JFHQNCR0001. We choose ten tags for every kind of sample. The results in In order to compare performance between the designed readers and other commercial reader, we carry out a comparison test. We choose the same tag as the test object. The profile of the tag to be test is shown in figure 8 . We choose Alien reader and Impinj reader as opponent to compare reading and writing distance with the designed reader. Table 2 shows the result of comparison test of the three readers. Overall, the performance of the designed reader is slightly lower than the other two. We also test the performance of the designed reader under different transmitting power, as shown in figure 9 . We choose one kind of tag as test sample. Reading distance and transmit power is very closely related. The reading distance ranges from 45cm to 167cm when transmitting power values between 15dBm and 30dBm, while writing distance changes very little at the same experimental environment. 
Conclusions
Although information transfer between tags and readers is wireless, a powerful multifunction reader is very conducive to expand its application fields. A kind of reader with many communication interfaces and embedded is designed based MFC52259 microprocessor and MQX real time operating system. MQX supports multi-processor applications and can be used with flexible embedded I/O products for networking, data communications and file management. The main features are its scalable size, component-oriented architecture and ease of use. The above areas will facilitate it to develop multi-function reader. The designed reader has a comparative reading and writing performance with commercial reader for UHF tags. It has many communication interfaces, which will expand its application fields. What is more, the embedded operating system in the reader will contribute user to carry out redevelopment.
